A rare group I intron in a cyanobacterial ribonucleotide reductase gene is 1 characterized. It contains a mobile insertion sequence element not required for RNA splicing. 2
4 sequence (the 86-nt sequence plus one copy of the 8-nt repeats) was deleted from the intron 1 coding sequence. The resulting mini-intron (plasmid pDNR-1) showed RNA splicing activity 2 comparable to that of the full-length intron ( Figure 2C ). 3 4 BLAST searches of the complete genome sequence of Nostoc punctiforme revealed over 5 50 ISE-like sequences at dispersed locations of this genome, and some representatives are shown 6 in Figure 4 . These ISE-like sequences are ~90% identical to the intron ISE over a 60-nt core 7 region, most are flanked by terminal direct repeats of 5-21 nt long, and all are located in 8 intergenic sequences and not in introns. Sequence boundaries of the ISEs are not certain, but 9 they are most likely at the terminal direct repeats, because mobile elements often have terminal 10 repeats, and because some members (e.g. ISE-3 and ISE-4) of the ISE family show a sequence 11 conservation including the terminal direct repeats. 12
13
The family of ISE sequences in N. punctiforme likely originated as mobile elements a 14 long time ago, because some of its members have diverged extensively outside the core 15 sequence. The high conservation of the core sequence may be due to a common structural 16 constraint for a common function such as recognition (and binding) by a common protein factor. 17
It is formally possible that the ISEs may play a regulatory role in RNA splicing and gene 18 expression in N. punctiforme, as was suggested for putative mobile elements in certain fungal 19 mitochondria (14), although the ISEs and the mitochondrial elements do not have sequence 20 similarity. Database searches did not reveal a significant sequence similarity between the ISE 21 and any other known sequences, and the 383-nt Npu RIR intron does not encode anything else 22 beside the ISE. 23 An intron/intein hotspot with evolutionary implications. We found the cyanobacterial 2 RIR gene to be an exceptional hot spot for all three types of self-splicing intervening sequences 3 including group I intron, group II intron, and intein ( Figure 5 ). Insertion sites of these 4 intervening sequences are inside a highly conserved protein sequence motif ( Figure 5B ) that is 5 inside the catalytic center of the enzyme (15). These suggest a breakdown of barriers against 6 intron insertion in the bacterial RIR gene. One suggested barrier is that bacterial translation, 7 which can start before the transcription is completed, may interference with RNA splicing (5, 8 13). Interestingly, there is a stop codon just 3-nt into the intron sequence, which may have 9 paused the translation until the RNA splicing is completed. 10
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The group I intron of the Npu RIR gene does not encode a homing endonuclease, which 12 may be explained by a loss of the homing endonuclease through evolution. We propose an 13 alternative hypothesis of intein-assisted intron homing (Figure 6 ), which can also explain the 14 close proximity of this intron and an intein that dose have a homing endonuclease (11). This 15 hypothesis is consistent with the known process of intein homing (3), except that it requires the 16 presence of an intron-containing donor DNA in addition to an intein-containing donor DNA. 17
After the intein homing endonuclease cuts the recipient DNA, the double-stranded break is 18 expanded into a gap (by cellular exonucleases) that is expected to span both the intein insertion 19 site and the nearby intron insertion site. During the subsequent double-stranded break repair, the 20 intein-containing donor DNA may serve as the template and lead to intein homing, alternatively 21 the intron-containing donor DNA may serve as the template and lead to intron homing. This 22 model predicts that the recipient DNA may acquire either the intein or the intron but not both, 23 6 because the insertion of either the intein or the intron disrupts the recognition sequence of the 1 intein homing endonuclease and prevents further cutting. This prediction is consistent with all 2 three known cases of closely positioned intein and intron in homologous genes ( Figure 5B), and 3 no exception is found. The three cases include cyanobacterium RIR genes where the intein and 4 intron are 6-bp apart, bacteriophage RIR genes (distantly related to the cyanobacterial RIR gene) 5
where the intein and intron are 3-bp apart (9, 10), and bacterial RecA genes where the intein and 6 intron are 3-bp apart (8). In all three cases, the intron does not encode a homing endonuclease, 7 the intein has a homing endonuclease domain, and each individual gene has either the intron or 8 the intein but not both. 9
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